Using an EDT A extraction procedure, bones from pregnant Wistar rats were analyzed for their content of collagen and non-collagenous components (sialoprotein, proteoglycan and carbohydrate). The bone matrix size was found to be smaller in pregnant rats than in normal rats (19,5% vs 17,5% of the dry weight bone). The EDT A extractability of the bone protein from pregnant rats was higher than that from controls (2'6% vs 1,9% dry weight bone). EDT A extracts from pregnant rats contained higher amounts of soluble collagen (1'6% vs 0·5% of dry weight tissue) and lower amounts of non-collagenous components (1,65% vs 2·23% for hexoses, 2,38% vs 3·95% for sialic acid and 1·24% vs 1,73% for uronic acid). In bone matrix, collagen content was lower in the pregnant rats (9·45% vs 10,6%). Similarly, the amounts of non-collagenous components were slightly decreased in the bone matrix from the pregnant rats. The respective values were: 0·91% vs 0,93% for hexoses, 0·45% vs 0·52% for sialic acid and 0·39% vs 0,50% for uronic acid. These results suggest that in pregnancy collagen and non-collagenous protein content in bone is decreased while the total mineral content is increased.
Summary
Using an EDT A extraction procedure, bones from pregnant Wistar rats were analyzed for their content of collagen and non-collagenous components (sialoprotein, proteoglycan and carbohydrate). The bone matrix size was found to be smaller in pregnant rats than in normal rats (19,5% vs 17,5% of the dry weight bone). The EDT A extractability of the bone protein from pregnant rats was higher than that from controls (2'6% vs 1,9% dry weight bone). EDT A extracts from pregnant rats contained higher amounts of soluble collagen (1'6% vs 0·5% of dry weight tissue) and lower amounts of non-collagenous components (1,65% vs 2·23% for hexoses, 2,38% vs 3·95% for sialic acid and 1·24% vs 1,73% for uronic acid). In bone matrix, collagen content was lower in the pregnant rats (9·45% vs 10,6%). Similarly, the amounts of non-collagenous components were slightly decreased in the bone matrix from the pregnant rats. The respective values were: 0·91% vs 0,93% for hexoses, 0·45% vs 0·52% for sialic acid and 0·39% vs 0,50% for uronic acid. These results suggest that in pregnancy collagen and non-collagenous protein content in bone is decreased while the total mineral content is increased.
That sex steroids are implicated in bone metabolism is a well known phenomenon (Silberberg & Silberberg, 1971 ). Oestrogens and androgens rather than progesterone have been shown to affect the skeletal metabolism during its maturation and the bone loss which accompanies ageing (Silberberg & Silberberg, 1971; Dequeker, 1975) . Most studies have supported the view that oestrogens and androgens act as inhibitors of bone resorption in vivo (Cmess & Hong, 1976; Gallagher & Wilkinson, 1973) . In vitro studies are not conclusive (Atkins, Zanelly, Peacock & Nordin, 1972) . Some of the above mentioned studies suggest that oestrogens also stimulate bone formation and skeletal mass (Katz & Kappas, 1968 ; Lindsay et al., • Received 22 August /983. Accepted 9 April /984. 1976). However, other studies do not suggest this view (Henneman, 1970; Lafferty, Spencer & Pearson, 1964) .
To our knowledge the effects of pregnancy on bone matrix proteins have not been studied. The present study was set up to investigate the bone matrix variations in pregnant rats in terms of its content of collagen and non-collagenous materials and indirectly its content of minerals.
Materials and methods 44 pregnant Wistar rats and 44 age-and sex-matched controls were used in this study. The mean age of the rats was 8 weeks (range: 7-10). The source of rats was the 'Zentralinstitut fiir Versuchstiere, Hannover', West Germany. Rats were outbred by random mating of 1 male to 3 females. Mated females were checked for pregnancy by inspection of the abdomen. Rats were fed ad libitum (Diet RMH GS: Hope Farms, Woerden, The Netherlands).
At the 20th day of pregnancy (the normal period of pregnancy in Wistar rats is 21 days) rats of both groups were sacrificed with ether and the leg bones dissected and cleaned free of soft tissue, bone marrow and trabecular bone. Only compact diaphyseal bones were used. The method of preparation, drying and powdering has been reported previously (Mbuyi & Dequeker, 1982) . Bone particles which passed through a 100 mesh sieve were extracted at 4°C with several solutions of EDTA (10%) pH 7·2 for 10 days, according to the technique of Herring (1976) . The total content of the dialysis tube after EDT A extraction and exhaustive dialysis against water -to remove EDT Awas referred to as bone matrix. This includes soluble (EDT A extract) and insoluble materials (EDT A residue). EDT A residue mainly contains col\agen while EDT A extracts non-col\agenous proteins (proteoglycans, glycosaminoglycans, anionic and less acidic glycoproteins, plasma proteins and osteocalcin ).
Samples of EDT A extracts and EDT A residues were analyzed for their content of hydroxyproline (Kivirikko, Laitinen & Prockop, 1967) , sialic acid (Aminoff, 1961) , hexoses (Yernm & Wil\is, 1954) and uronic acid (Bitter & Muir, 1962) .
Contents In the bone matrix were calculated as follows: Table 1 gives results of the EDTA extractability (% EDTA extracts in dry bone powder) and bone matrix size (% of bone matrix in dry bone powder).
As can be seen, the EDT A extractability was increased in pregnant rat bones (2·6% vs 1·9%) when compared to normal controls. The bone matrix size was smaller in pregnant rats than in normal controls (l7'O'Yo vs 19'5%). In other words, the mineral content of bone from pregnant rats was higher than that from controls, assuming that the difference between bone matrix size and total bone powder represents the mineral matter.
Mbuyi-Muamba & Dequeker
The analytical results of EDTA extracts and bone matrix are summarized in Table 2 . The collagen content (as expressed by the hydroxyproline value) in EDTA extracts was higher in the pregnant rats (P <: 0.001). The hexose, sialic acid and monic acid contents were lower in pregnant rats than in normal contwls; the respective values were: ] ·65% vs 2·23% for hexose (P <: ()-OOI),2·38'}'0vs 3·95'X, for sialic acid P < 0·001) and 1·24% vs 1·73% for monic acid P < 0·01). In bone matrix the collagen content was decreased in the bones from the pregnant rats (10·6% vs 9·5%) while the noncollagenous components slightly decreased in the pregnant rats (0·91 % vs 0·93% for hexoses, 0·45% vs 0·52% for sialic acid and 0·39% vs 0·50% for monic acid).
To assess the relative distribution of collagen/noncolla,genous materials ratios in the bone extracts from the 2 groups studied, hydroxyproline/hexose, hydroxyproline/sialic acid, hydroxyproline/uronic acid ratios have been calculated in bone matrix and EDT A extracts and are listed in Table 3 . As can be seen, these ratios are similar in the bone matrix from both groups while the ratios in the EDT A extracts from the pregnant rats are markedly higher than from the normal rats.
Discussion
Most of the studies related to sex steroids have emphasized oestrogens, androgens and pro- 
Results are expressed in mean 'Yo of dry weight tissue ± SO for the number of samples in each group in brackets.
Student's t-test was used for the comparison of means and the significance of the test is represented: "" P < (l'OI: .". P < (l·l)OI gesterone as potential skeletal hormones (Silberberg & Silberberg, 1971 ). However, some doubt still exists concerning how the sex steroids act upon skeletal metabolism.
These hormones may act by merely changing the rates at which biological processes proceed (Silberberg & Silberberg, 1971) . Some studies suggest that sex hormones increase bone formation and mineral content (Katz & Kappas, 1968; Lindsay et al., 1976) , this fact being more evident ill the case of oestrogen, while others do not support this view (Henneman, 1970; Riggs et al., 1969) . Pregnancy is accompanied by a marked increase in ovarian and placental secretory activity, with subsequent hypersecretion of oestrogens and progesterones.
Corticosteroids are also increased during pregnancy. The results found in the bones of the pregnant rats show that the mineral content is increased, since the matrix size decreases. This is in agreement with the clinical and experimental findings of the protective effect of oestrogens and progesterones on bone tissue (Lafferty et al., 1964; arimo et al., 1970; Cruess & Hong, 1978) . However, it is not known whether the effect of progesterone is direct or whether it operates through conversion to oestrogens and androgens. Another finding of the present work is the decrease of the bone collagen content in pregnant rats. The treatment of adult human subjects with oestrogen results in reduced urinary excretion of hydroxyprolinecontaining peptides (Katz & Kappas, 1968 ). This has been thought to indicate that oestrogen may retard degradation of collagen (Skosey & Damgaard, 1973) . The results of in vivo studies on bone formation are still controversial; most suggest that sex steroids increase bone formation and the mineral content (Lindsay et al., 1976) , but some others do not support this view (Lafferty et al., 1964 ; Riggs et al., 1969) . The collagen produced during oestrogen therapy was thought to be defective. Indeed, this collagen had an abnormally high proline to hydroxyproline ratio, indicating, as well, failure of cross-link formation. Moreover, oestrogen treatment retarded the net synthesis of collagen by producing collagen with an altered molecular configuration which rendered it more susceptible to resorption, and therefore less likely to mature (Henneman, 1970) . These obserVations may account in great part for the increased EDT A extractability and increased amounts of soluble collagen in EDT A extracts in pregnant rats. Whether the decrease in total collagen of bone in pregnant rats or the increase of soluble collagen in EDT A extracts results from the effects of both hormones remains unclear. Canalis & Raisz (1978) have recently demonstrated that progesterone is a potential inhibitor of bone collagen synthesis, and is more active than oestrogens and androgens. Oestrogen administration has been found to decrease hexosamine content in cartilage (Berntsen, 1968 ; Priest & Kopliz, 1962) and in bone (Cruess & Hong, 1978) . In the present study the total amounts of non-collagenous components in bone from pregnant rats slightly decreased relative to normal values.
The decrease in the hexose, uronic and sialic acid contents observed in the EDT A extracts from pregnant rats may be the result of the change in the relative distribution of collagen and non-collagenous components due to increased amounts of soluble collagen. Alternatively it may reflect the inhibitory effects of pregnancy on bone non-collagenous proteins. The inhibitory effects of oestrogens and progesterone on bone collagen and non-collagenous proteins may be shared by corticosteroids, which are increased in pregnancy and which have been shown to interfere with the synthesis of collagen and non-collagenous proteins. Mechanical properties of bone in pregnancy have been reported to be diminished (Current & Hughes, 1973) . Ghosh etl/l. (1976) have shown that the lower the ratios of collagen to non-collagenous components, the better the mechanical properties of a tissue. Recently we have observed similar variations in osteoporotic and osteoarthrotic bones (Mbuyi & Dequeker, 1983 ). In the present study, pregnancy does not markedly change the relative distribution of collagen and non-collagenous proteins and therefore, probably, does not affect the mechanical properties of the bone in pregnant rats. 
